Summary: Thin layer gel filtration on Sephadex was perfbrmed äs a simple method for recognition of the small molecular weight differences of human -amylases from different sources. Activity was located with dry chromogenic Substrate, using a replica technique. Undesirable interaction between the gel matrix and Substrate binding sites on the enzyme, which causes an anomalous decrease in the migration rate of the enzyme protein, was suppressed by preincubation of the enzyme with appropriate inhibitor. Gradual masking of Substrate binding sites of the enzyme by increasing concentrations of amyläse inhibitor resulted in two distinct migration rates for the enzyme in thin layer gel filtration. This suggests the existence of two Substrate binding sites in the enzyme molecule. Together with thin layer gel affinity chromatography on a mixture of Sephadex and ConA-Sepharose, the method yielded useful data on the molecular weight of amyläse and its glycosylated forms and served äs a valuable tool for the differential diagnosis of macroamylasaemia.
Introduction
pancreatic amyläse cannot be differentiated with amyläse The -amylases (a-1,4-glucan 4-glucanohydrolase, B.C.
antibodies; the antigenicities of the two isoenzymes are 3.2.1.1) from salivary glands and pancreas, which may be completely identical (3). The biosynthesis of both isodistinguished by means of various analytical techniques, amylases is controlled by two separated gene loci AMY l particularly by electrophoresis, are very similär enzymes. and AMY 2, which are closely linked on chromosome l Compärison of the peptide maps of both amylases shows (4,5). The molecular weights of salivary and pancreatic more similarities than differences (1) . Also efforts to amylases are slightly different. This may be due to postshow immunological differences between salivary and transcriptional glycosylation especially of the enzyme pancreatic amyläse remain unsuccessful (2) . Salivary and molecules originating from salivary glands (6) . It is 0340-076X/82/0020-0451 $02.00possible that the different renal clearances of these two isoamylases are a consequence of these molecular ältera-tions. The salivary amylase of the blood passes through the glomeruli with roughly the half velocity of the pancreatic enzyme (7) . The inolecular weight estimation of amylases yields useful data for the characterization of enzymes originating from various sources and for the diagnosis of macroamylasaemias.
Thin layer gel filtration on Sephadex, commonly used for the molecular weight determination of proteins, represents a simple and versatile rnethod. Unfortunately, the -amylase interacts with the Sephadex matrix, so that the migration rate of the enzyme is decreased during chromatography and the apparerit molecular weights are lower than those obtained by other techniques (8, 9 ). Using Sephadex G-100,Minamiura et al. estimated the molecular weight of -amylase in human urine to be less than 12000 (10) . The enzyme was adsorbed on this gel so strongly that the elution volume was larger than that of lysozyme. Similarly on columns of -Gel P-100 and P-l 50 human and rat amylase was eluted much later than proteins of approximately the same molecular weight, even though the anomalous retardation was unexpected since Bio-Gel does not simulate the natural Substrate for amylase (11, 12) . These troubles may be avoided and thin layer gel filtration on Sephadex used successfully, if the Substrate binding sites of the enzyme are masked by an appropriate amylase inhibitor and a simple and sensitive detection technique for the residual enzyme activity is used.
for 10 minutes. The replica with reference proteins was stained with Coomassie Brilliant 'Blue R-250 (Serva Biochemica, Heidelberg). The -amylase-inhibitor complex was separated on thin layer gels of Sephadex under the above deseribed conditions. Increasing concentrations (5.4-540 /ig) of inhibitor protein were added to 450 mU of enzyme in l ml. The a?amyiase ihhibitor isolated from potatoes is a protein with a relatively low molecular weight ofabput 15 000-17 000 (product of Institute of Chemistry, Slpvak Academy of Sciences, Bratislava, CSSR) and it exhibits a higher degjree of Inhibition against salivary amylase (83 %> than against the pancreatic enzyme (62%).
Results and Discussiön
The suitability of the replica detection technique using chromogenic Substrate for the visualisation of amylase activities (after development on thin layer gels of Sephadex) is demonstrated by the Separation of the enzyme from human rnilk ( fig. 1 ). The chromätögräm ·=-actually the paper reprint öf the thin layer gel chromato-. gram -öf various dilutions of one human milk sample was evaluated reflectometrically. The relationship between gradually increasing amylase activities, Spot size and its colour intensity expressed in Integration units is plotted in figure 2 . The thin layer gel filtration revealed two dinstinct breast milk aniylase spots, differing in their molecular weights. Similarly, äs in the case of salivary amylase, a part of the breast milk amylase is glycosylated.
Masking the Substrate binding sites of -amylase by increasing concentrations of appröpriate inhibitor gradually diminishes the anomalous binding effect of -amylase tö Sephadex and contributes to the normalization of the migration rate of the enzyme protein
Materials and Methods
The -amylases of blood serum, urine, saliva, duodenal juice, and breast milk were analyzed. Only fresh biological material was examined. The samples were diluted to the catalytic concentration ränge 200-500 U/l (3.3-8.4 Mkat/l); but the serum from the individual with macroamylasaemia was not diluted, because dilution causes dissociation of the macroarriylase complex. Thin layer gel filtration was performed with the apparatus from Pharmacia Fine Chemicals, Uppsala. For the required Separation efficacy, the Standard plates 20 X 20 cm or 20 X 40 cm were used. Sephadex G-100 and G-150 Superfine grade served äs the stationäry phase (thickness of layer 0.6 mm). The mobile phase was Tris/HCl buffer 100 mmol/1, pH 8.0. After overnight equilibration at an angle of 10°, 10 biological fluid samples of enzyme catalytic concentration 200-500 U/l were applied to the gel layer. Reference marker proteins for calculation of relative migration distance were applied simultaneously to the layer. After 4-7 hours development (depending on the plate size, 20 X 20 or 20 X 40 cm respectively) at an angle of 15° and at room temperature, the chromatograms were covered with dry powdered chromogenic Substrate (cross-linked blue starch polymer, product of Slovakofarma Hlohovec, CSSR) (75 mg per 20 X 20 cm plate) and incubated at 37 °C for the time necessary for the enzyme spots to become visible. a-Amylase hydrolyzes polymer into water-soluble blue starch frägments. The repliea technique was then used for preparing permanent records. The water-soluble blue starch frägments were transferred from the gel layer to filter paper Whatman 3MM by a contact with the gel for l minute. The paper chromatogram was then dried at 100 °C figure 4 ; the small molecular weight differences between the various isoamylases originating from both glands are expressed. Thin layer gel affinity chromatography of human breast milk on a mixture of Sephadex G-150 and Con ASepharose (2:1) revealed two isoamylases differing in the amount of sugar residues ( fig. 5 ). The carbohydrate rieh amylase showed a considerably retarded migration due to the interaction with the incorporated affinity ligand concanavalin A. The isoamylase with low carbohydrate content showed the usual migration rate.
Takeuchi similarly separated the salivary amylases by ineans of concanavalin A Sepharose chromatography into two fractions. The adsorbed fraction with affinity for concanavalin A showed a higher carbohydrate content than the unadsprbed one without affinity for con- canavalin A. The data indicated that the salivary amylase that binds to concanavalin A is that with the higher molecular weight (3). The isoamylases in breast milk and saliva showed identical electrophoretic mobility. Isoelectric focusing also revealed four identical bands in breast milk and saliva: one main band with a pl of 6.4 and three weaker bands with pl of 5.9, 5.6 and 5.4 respectively (own unpublished results).
The use of amylase inhibitor in combin tion with an enzyme detection technique with powdered chromogenic Substrate makes it possible to easily distinguish the macroamylase, which is usually the complex of serum amylase with the large globulins preventing clearance by the kidney (fig. 6 ). The binding substance evidently masks the binding sites of a portion of the blood serum amylase. The migration distances of unhibited and inhibited macroamylase during thin layer gel filtration are the same. Hence it follows that the binding sites of the macroamylase are occupied by the binding substance -and thus do not interact with the matrix of the gel. After the preincubation of macroamylasaemic blood serum with amylase inhibitor, the originally slowly migrating portion of normal amylase exhibited a migration distance corresponding to the correct molecular weight.
The detection technique using the dry powdered chromogenic Substrate followed by the replica technique was the key to the successful application of thin layer gel filtration on Sephadex or thin layer gel affinity chromatography. The technique makes it possible to follow the development of blue colour due to the α-amylase action in the gel layer during the incubation period.
The anomalous migration rate of amylase on Sephadex gel and thus the impossibility of using this method for molecular weight determination was observed earlier by several authors. Wilding (9) ascertained by means of gel filtration on Sephadex that the amylase was eluted from the column at a point which suggests that amylase has an apparent molecular weight f less than 20000. Mutzbauer et al. (13) 4B is affinity chromatography, not gel filtration (3). The amylase appears to be held on the columns by interactions other than simple gel filtration effects (l 1). Minamiura et al. supposed that the very strong adsorption of -amylase on Sephadex may be due to tryptophan and/or tyrosine residue(s) protruding from the enzyme molecule (10) . The amylases are rieh in hydroxyarnino acids or their amides and have a high capacity for hydrogen bonding both intramolecularly to give a particularly compact structure, and extramolecularlyj with materials such äs Sephadex and Bio-Gel (12) . The interaction of the amylase with the dextran matrix, which causes the decreased migration rate during thin layer gel filtration on Sephadex, can be diminished by means of the preincubation of enzyme-containing biological fluid with inhibitor before the sample is applied to the gel layer. The increasing eoncentrations of inhibitor influence the enzyme migration rate during gel-layer development in two Steps. In the first step it seems that one Substrate binding site of the enzyme is masked, and the molecules behave with an apparent molecular weight of about 34 000. In the second step during fufther inhibitor Saturation the second enzyme binding site is masked and the migration rate of the complex enzyme-inhibitor accelerates dramatically and cprresponds to the expected migration rate fpr a component of molecular weight 70 000-75 000 ( fig. 7) . Thus oür findings agree with these ofLoyter et al. who supposed the existence of two Substrate binding sites in pancreatic amylase (14) . Ön the other band Mora et al. consider three independent binding sites (15) , The preincubation of biological sämples to be anälyzed before thin layer gel filtration with amylase inhibitor enables the estimation of the differences in molecular weight of -amylases originating from various glands and tissues and offers a particularly simple ässäy for the differentiäl diagnosis of macroarnyläsaemiä. The findings ofKitämuraet al. (16) 
